Glutamate is the main excitatory neurotransmitter in the central nervous system. Dysfunction of the glutamatergic system plays an important role in the pathogenesis of schizophrenia. Therefore, glutamatergic agents such as N-methyl-D-aspartate receptor coagonists (ie, glycine, D-cycloserine) and glycine transporter type 1 inhibitors (eg, sarcosine) are studied for their efficacy in ameliorating negative and cognitive symptomatology in patients with schizophrenia. We report the case of a 23-year-old schizophrenic patient treated with quetiapine and citalopram, who was offered concomitant sarcosine treatment. After obtaining an informed consent, we started administration of 2 g of sarcosine per day to treat persistent negative and cognitive symptoms. The patient's activity and mood improved within 2 weeks, but in the following 2 weeks the patient reported increased drive, activity, libido, unpleasant inner tension, and irritability. We ruled out hypomania and decided to decrease the daily dose of sarcosine to 1 g, which resulted in reduction of drive and irritability. Activity and mood improved compared with his state before adding sarcosine. We suggest a sarcosine dose between 1 g and 2 g per day with an initial dose of 2 g, but if side effects occur, the dose should be decreased to 1 g per day. We would like to emphasize the clinically important glutamate-serotonin interaction during concomitant use of sarcosine, citalopram, and quetiapine in our patient, which may lead to serious discomfort.
Introduction
The glutamatergic system is the main excitatory system of the human brain. Dysfunction of glutamatergic transmission is involved in the pathogenesis of schizophrenia, neurodegenerative disorders, and addictions. [1] [2] [3] [4] [5] Pharmacological interventions in schizophrenia are currently focused on enhancing the activity of the N-methyl-D-aspartate (NMDA) receptor, one of the subtypes of glutamatergic ionotropic receptors. There are two known options for influencing the NMDA receptor via the glycine site that are currently under clinical investigation; the direct method consists of administration of glycine or another NMDA receptor co-agonist, such as D-cycloserine and D-serine, and the indirect method consists of inhibiting the glycine transporter type I (GlyT1) with sarcosine, RG1678 (bitopertin), or ALX-5407. [6] [7] [8] [9] Sarcosine has been used in several small studies, [10] [11] [12] [13] [14] and the results seem to be promising in treating negative symptoms and cognitive dysfunction where the benefits of known antipsychotics are very limited. 15, 16 Previous studies also indicate improvement in depressive symptomatology during the use of NMDA co-agonists and sarcosine, [17] [18] [19] [20] [21] [22] and interestingly NMDA receptor antagonists (ketamine, 
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strzelecki et al memantine) also exhibit some antidepressive properties. [23] [24] [25] Other substances modifying function of the glutamatergic system, such as modulators of metabotropic glutamate receptors and ampakines (CX516), are under investigation. 26, 27 Sarcosine (N-methylglycine, a natural amino acid) is considered one of the most effective glutamate-related methods of treatment augmentation when used with neuroleptics, and a significant improvement in both negative symptom and total symptom scores on the Positive and Negative Syndrome Scale has been noted. 16, 17 In the published studies, patients received a 2 g dose of sarcosine per day, established on the basis of the results of a small open-label study in which patients were administered three doses of the amino acid (10-30 mg/kg of body mass per day). [10] [11] [12] [13] [14] We present a case of a schizophrenic patient in a stable mental condition who started taking 2 g of sarcosine per day. After an initial improvement, he developed symptoms of psychomotor agitation and it was necessary to decrease the dose of sarcosine. This observation indicates a need for revision of the recommended dosing of sarcosine and, as with other drugs, to determine a range of doses for this substance. For an effective and well tolerated treatment, we suggest a dose between 1 g and 2 g of sarcosine per day, depending on the patient's feedback. We consider these observations to be important also because patients from different countries enquire about sarcosine, and the indications for its use, dosing, and adverse effects. These questions can also be directed to other doctors.
Case report
The patient was a 23-year-old male suffering from schizophrenia for 5 years (diagnosed according to the International Classification of Diseases-Tenth Revision), who had undergone psychiatric hospitalization four times in the past, most recently 3 years earlier. The first episode involved a picture of typical paranoid syndrome and was induced by amphetamines. Subsequent psychotic episodes were not related to drug use. During a stable period, the patient presented mild severity of negative (blunted and inappropriate affect, social withdrawal) and depressive symptoms and moderate cognitive problems (memory and attention), which were the main indication for administration of sarcosine. Among positive symptomatology, the patient described only periodic mild racing thoughts without typical delusions or hallucinations. Both parents were diagnosed with schizophrenia. After receiving information about sarcosine, the patient signed an informed consent form and started receiving the amino acid. Basic laboratory tests were performed (complete blood count, electrolytes, liver and renal parameters, lipids, prolactin, and thyroid stimulating hormone), which showed no deviations from reference values. The patient had no neurological, endocrine, or other chronic comorbidities at the time of treatment. We excluded ongoing alcohol and drug dependence or use in the previous 6 months (using a panel drug testing), but the patient smoked about 15 cigarettes per day. He was unemployed at that time and on a disability living allowance. Before addition of sarcosine, the patient has been receiving quetiapine 500 mg per day for 2 years and citalopram 10 mg per day for several months. Citalopram was prescribed due to panic attacks and negative symptoms. 28 During the first 2 weeks of sarcosine administration at 2 g per day, the patient reported improvement in overall activity, concentration, and mood. After a further 2 weeks, he reported moderate inner tension with mildly increased drive, excessive activity and irritability, and a significant increase in sexual tension. Further examination ruled out a diagnosis of hypomania. The patient found these symptoms to be very unpleasant and asked for modification of his treatment. The overall impact of sarcosine he described as positive, and therefore it was decided to maintain the sarcosine supplementation but to reduce the dose by half to 1 g per day. After lowering the dose of sarcosine without changes in the dosage of his concomitant medications, the intensity of his excitation and irritability decreased, and the patient subjectively described his overall mental state as better in comparison with the period before sarcosine and treatment with 2 g of the amino acid (see Table 1 ). There were no external circumstances to explain the observed intensity of psychomotor agitation symptoms.
Discussion
Substances that modify functioning of the glutamatergic system in psychiatric disorders are under increasing investigation. 29 The efficacy of sarcosine and other glycine transporter inhibitors, such as RG1678, in the treatment of schizophrenia is currently being assessed. 30, 31 Although there have been very few studies in this area, it is considered that these compounds may have beneficial effects on the symptomatology of schizophrenia, particularly on negative symptoms, affective symptoms, and disturbed cognitive functioning. The signs of excessive psychomotor agitation described in this patient have not been previously described in any patient taking sarcosine. In addition to the direct excitatory effect of sarcosine, possible reasons for these symptoms in our patient may relate to amino acid-induced 
265
Glutamate-serotonin interaction in schizophrenia primary or secondary potentiation of serotonergic transmission, that had previously been increased with selective serotonin reuptake inhibitors and quetiapine (which also has dopaminergic and cholinergic properties). The observed clinical picture in fact resembles symptoms associated with initiation of a selective serotonin reuptake inhibitor or serotonin-norepinephrine reuptake inhibitor, which was not present during use of citalopram and quetiapine in our patient. Mechanisms of the glutamatergic impact on serotoninergic function are currently not clear. We cannot clearly explain the 2-week delay in appearance of discomfort after starting sarcosine, but this period is similar to the delayed effect of selective serotonin reuptake inhibitors and other antidepressants. In addition to receptor-dependent modulation of neurotransmission, another hypothetical mechanism involves an interaction between sarcosine and citalopram or quetiapine, eg, at the level of cytochrome P450 metabolism.
The situation described here indicates a need to determine the range of sarcosine doses used in augmentation of treatment for schizophrenia. We suggest considering a more flexible use of sarcosine in the range of 1-2 g per day, particularly in combination with serotoninergic substances. Of course, flexible adjusting of the dose of selective serotonin reuptake inhibitor or other serotoninergic substances can also be considered.
In conclusion, we believe that appropriate simultaneous use of substances with glutamatergic and serotoninergic properties may generate a synergistic antidepressive and activating effect. 32 Due to the methodological limitations of case reports, any conclusions need to be formulated carefully. Assessment of serum glycine and sarcosine levels and metabolite changes on nuclear magnetic resonance spectroscopy would have enriched this report.
The patient described here was included in the run-up to the PULSAR (PoLish SARcosine study in schizophrenia) study, which will evaluate the efficacy and safety of sarcosine in patients with schizophrenia. The PULSAR study had been reviewed by the ethics committee at the Medical University of Łódź and had therefore been performed in accordance with the ethical standards laid down in the 1975 Declaration of Helsinki. A detailed description of the study can be found at Clinicaltrials.gov site. 33 
